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Abstract. This paper presents the X-ray spectroscopy of an X-ray selected sample of 25 radio-loud (RL) AGNs extracted from 
the XMM-Newton Bright Serendipitous Survey (XBSS). The main goal of the work is to assess and study the origin of the 
X-ray spectral differences usually observed between radio-loud and radio-quiet (RQ) AGNs. To this end, a comparison sample 
of 53 RQ AGNs has been also extracted from the same XBSS sample and studied together with the sample of RL AGNs. Since 
there are many claims in the literature that RL AGNs have, on average, a flatter spectral index when compared to the RQ AGNs, 
we have focused the analysis on the distribution of the X-ray spectral indices of the power-law component that models the large 
majority of the spectra in both samples. We find that the mean X-ray energy spectral index is very similar in the 2 samples 
and close to a x ~ 1. However, the intrinsic distribution of the spectral indices is significantly broader in the sample of RL 
AGNs. In order to investigate the origin of this difference, we have divided the RL AGNs into blazars (i.e. BL Lac objects and 
FSRQs) and "non-blazars" (i.e. radiogalaxies and SSRQs), on the basis of the available optical and radio information. Although 
the number of sources is small, we find strong evidence that the broad distribution observed in the RL AGN sample is mainly 
due to the presence of the blazars. Furthermore, within the blazar class we have found a link between the X-ray spectral index 
and the value of the radio-to-X-ray spectral index (a RX ) suggesting that the observed X-ray emission is directly connected to 
the emission of the relativistic jet. This trend is not observed among the "non-blazars" RL AGNs. This favours the hypothesis 
that, in these latter sources, the X-ray emission is not significantly influenced by the jet emission and it has probably an origin 
similar to the RQ AGNs. Overall, the results presented here indicate that the observed distribution of the X-ray spectral indices 
in a given sample of RL AGNs is strongly dependent on the amount of relativistic beaming present in the selected sources, i.e. 
on the relative fraction of blazars and "non-blazars". 
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1. Introduction 

The origin of the differences between radio-loud (RL) and 
radio-quiet (RQ) AGNs is one of the fundamental ques- 
tions in the AGN phenomenology. The broad and possi- 
bly bimodal distribution of the radio-to- optical flux ratios 
observed within the class of AGNs (e.g iKellermann et al.l 
1989; Delia Ce caetld~1ll994t livezic" et al. 2002; but see also 
Whit e et al. l2000tlCirasuolo et al. l2003l for evidences against 
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the bimodality) is not yet fully understood and it may re- 
flect important differences between the physical processes at 
work in the inner regions of the 2 classes of objects. It has 
been proposed that the "radio-loudness" of the AGNs could 
be directly connected to the mass of the central b lack-hole 
(tFrancesc hini 1 yer cellone & Fabianll988ULaorl2000h or to its 
spin (e.g. Mei er 1 1 9991) . Alternativel y, a different accretion rate 
(e.g. IWoo&Urrvll2002l Iho1|2002|) or a different structure of 
the accretion disk (e.g. see Ballantv ne. Ross & Fabian 1 12002 
and references therein) may be at the origin of the observed 
phenomenology. 

In this context, X-ray observations can play a key role since 
they bring information on the innermost region of the AGN 
structure. In particular, a direct comparison between the X-ray 
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properties of RL and RQ AGNs can shed light on the origin of 
the "radio-loudness". 

If the main properties of the X-ray spectrum of RQ AGNs 
are quite well established, RL AGNs are, in general, less stud- 
ied. Early observations carried out with Einstein have sug- 
gested that RL AG Ns have, on average, a flatter spectrum tha n 
RQ AGNs (e.g. lWilkes& Elvislll987t LShastri et al. Ill993l) . 
This difference is more evident if only RL AGNs with a 
flat radio spectrum (i.e. the Flat Spectrum Radio Quasars, 
FSRQs) are considered, while it becomes marginal when 
only the AGNs with a steep radio spectrum (i.e. the Steep 
Spectrum Rad io Quasars, SSRQ s) are compared to the RQ 
AGNs (Canizares & White Hl989l) . This trend has been subse- 
quently confirmed with ASCA and BeppoSAX data: on the one 
hand, the X-ray spectrum of a sa mple of RL AGNs (m ostly 
composed by FSRQs) s tudied by iReeves et al. I d 19971) and 
iReeves & Turner I (2000) turned out to be significantly flatter, 
on average, when compared to RQ AGNs; on the other hand, 
this difference in the X-ra y spectral index is not clearly present 
in the samples studied by Sambruna. Eracleous & Mushotzkv 
(1999) and Hasenkopf. Sambruna & Eracleous (2002), mostly 
composed by radiogalaxies or lobe-dominated quasars. 

Apart from the spectral index, other differences 
in the X-ray spectra of RL and RQ AGNs include 
a weaker "reflection" hump and Fe I emission line 
in R L A GNs (e.g. iHasenkopfT Sambruna & Eracleous ! 
2002t lEracleousI Sam bruna & Mushotzkv 2000t 

Sambrun a. Eracleous & Mushotzkv 1999; Woz niak et al. I 
19981k These results have been interpreted as related 
to a differe nt structure of the accretion disk in RL 
AGNs (e.g. iBallantvne. Ross & Fabian I 120021) . Moreover, 
Sambruna. Eracleous & Mushotzkv I dl999i) have pointed out 
that among RL AGNs, the presence of a thermal component 
(from hot plasma related to the host galaxy and/or to a cluster 
of galaxies) is very common. 

Altogether, the data collected so far seem to indicate that 
there are significant differences in the X-ray spectrum of RL 
and RQ AGNs although the details of these differences depend 
on the radio spectral index of the source. In particular, the pres- 
ence of a significant contribution to the X-ray emission coming 
from the relativistic jets can play an important role in some RL 
AGNs (like the FSRQs). 

Chandra and XMM-Newton can give a fundamental contri- 
bution to this topic: different components of the X-ray emis- 
sion in RL AGNs can be re solved spatially, with Chandra, 
(e.g. iGambill et ail 120031 or ISchwartz 1 120041 for a review) 
or spectrally, with XMM-Newton Ce.g.lBrocksopp et al.l f2004 , 
iFerrero & BrinkmannlEooi IPa ge et alJl2004l) . In thispaper. 
we present a systematic X-ray spectral analysis of an X-ray 
selected sample of 25 RL AGNs extracted from the XMM- 
Newto n Bright Serendipitous Survey (XBSS. [Delia Ceca et alJ 
2004). In this sample we have distinguished between the AGNs 
with flat and steep radio spectrum in order to establish the im- 
portance of the jets in the X-ray emission of RL objects. In 
order to assess how different the selected RL AGNs are with 
respect to the RQ AGNs, we have also selected from the same 
XBSS a "comparison" sample of 53 objects, mostly composed 
by RQ AGNs. Since the two samples have a common origin, 



the only difference being the radio emission, we expect that any 
observed difference could be connected to the different mecha- 
nisms at work in the 2 classes of AGNs. 
Throughout this paper Ho=65 km s Mpc -1 , £2a=0.7 and 
Q m =0.3 are assumed. 

2. The XBSS sample of RL AGNs 

The XBSS (foella Ceca et al.l2 004) consists of two flux-limited 
samples selected in the 0.5-4.5 keV and 4.5-7.5 keV energy 
bands respectively from the analysis of 237 XMM-Newton 
archive images. The flux limit, in both energy bands, is rela- 
tively bright (~7xl0 -14 erg crrT 2 s~') so as to allow an accurate 
analysis of all the selected sources, both from the X-ray and the 
optical point of view. The sample selected in the 0.5-4.5 keV 
energy band, in particular, contains 389 sources and it is well 
suited to extract and to study a sub-sample of RL AGNs. 

Given the relatively bright X-ray flux limit, about 90% of 
the optical counterparts of the X-ray sources are brighter than 
mag=21. At these magnitudes, the majority of RL AGNs are 
expected to have a radio flux at the ~mJy level at ~GHz fre- 
quencies given the typical radio-to-optical flux ratios of the 
RL AGNs (see next section). Therefore, a positional cross- 
correlation of the XBSS sam ple with one of the ex isting wide- 
angle radio surveys (NVSS. ICondon et al. Ill998i or FIRST, 
iBecker. White & Helfandlll995l) allows the selection of most 
of the RL AGNs present in the sample. Although the NVSS sur- 
vey is less deep (~2.5 mJy) than the FIRST survey (~1 mJy), 
it covers a larger area of sky (~34,000 Deg 2 ) offering the avail- 
abilty of radio data (either a detection or an upper limit) for 
-85% of the XBSS sources. 

We have thus cross-correlated the XBSS sample with the 
NVSS. In total, there are 332 sources (out of 389) in the XBSS 
that fall i n the area of sky cover ed by the NVS S. Given the good 
radio (see lCondon et al. 1 19981) and X-ray (see lDella Ceca et all 
2004) positions we have established that a positional tolerance 
of 10" is large enough to find all the radio counterparts of the 
X-ray sources except for the objects that are resolved, in the 
radio, in two or more components (e.g. the radio galaxies). 
The positional cross-correlation with a tolerance of 10" has 
produced 28 X-ray/radio matches. For completeness we have 
subsequently run an additional cross-correl ation, like the one 
used t o select the sources of the REX survey dCaccianiga et al. I 
Il999l) . specifically sensitive to complex morphologies (e.g. 
double or triple radio sources). However, no sources of this 
type have been found. This is consistent with the results of the 
REX survey, where the sources with a complex radio morphol- 
ogy (in the NVSS) represent only ~5% of th e total radio/X-ray 
match es at these frequencies and flux limits dCaccianiga et al. I 
1999), which corresponds to ~1 source of this type expected in 
the XBSS sample. 

In order to estimate the reliability of the radio/X-ray 
matches, we have computed the expected number of ran- 
dom matches within 10" using the source density given by 
ICondon et al. I dl998l) . We expect -0.4 spurious matches in 
the sample which implies that one source, at most, could be 
a chance radio/X-ray match. As a further confirmation of 
this result we have also performed the same cross-correlation 
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Fig. 1. Distribution of the radio-loudness parameter (R) for the 
28 X-ray/radio matches (panel a) and the upper limits of R for 
the XBSS sources not detected in the NVSS (panel b). 

after having positionally shifted the X-ray catalogue along 
the declination so that only chance coincidences are expected. 
We have repeated 1 1 times the cross-correlation between the 
two catalogues with positional offsets ranging from 10 to 110 
arcminutes. All these 11 cross-correlations have produced 
matches thus confirming the negligible number of expected 
spurious matches. 

In conclusion, we have found 28 sources, out of the 332 
XBSS objects included in the NVSS sky coverage, that have a 
flux density at 1 .4 GHz larger than 2.5 mJy. The list of these 28 
X-ray/radio matches is reported in Table ^ 

2.1. The radio-loudness parameter 

The simple detection of a source in the NVSS catalogue does 
not necessarily imply that the object is radio-loud, given the 
range of magnitudes of the selected sources. At the same time, 
the NVSS flux limit is not deep enough to guarantee the detec- 
tion of all the radio-loud AGNs present in the XBSS sample. 
We have thus analysed the radio-loudness parameter (R) of the 
28 sources and the distribution of the upper limits on R of the 
304 XBSS sources not detected in the NVSS in order to pin- 
point all RL AGNs actually selected, on the one hand, and to 
estimate the fraction of RL AGNs that are lost in the cross- 
correlation because of the NVSS fl ux limit, on the other ha nd. 
The parameter R is defined as dKellermann et al.l l989): 

" 4400 A 

where Sscm 1S the radio monochromatic flux at 5 GHz and 
S4400A i s m e optical monochromatic flux at 4400 A. The ra- 
dio flux at 5 GHz has been derived from the NVSS flux at 



1.4 GHz and K-corrected by assuming a mea n radio spec- 
tral index of 0.7 (Soc y a . ICilied et al. 112003b . The optical 
flux is derived from the optical magnitude taken from APM 
(Automatic Plate Measuring machine) catalogue 1 or from the 
literat ure and K-corrected assuming an optical spectral index 
of 0.5 dCiliegi et al. 120031) . A magnitude has been obtained for 
25 out of 28 sources. The remaining 3 objects are blank-fields 
on the DSS material. For these objects the R parameter is com- 
puted assuming a magnitude equal to the DSS limit (B~22). In 
these cases, the actual R parameter is expected to be larger than 
the computed value. However, based on what we have found 
already in the total XBSS sample, we expect that the optical 
counterpart in these 3 objects is close to the DSS limit so that 
the true value of R should be close to the computed lower limit. 
In any case, these 3 sources have a lower limit on R well above 
the radio-loud limit (R=10, see below) so that their classifica- 
tion as RL objects is firm and does not depend on the exact 
value of the magnitude. 

We finally note that we have used the total magnitude for 
the computation of the R parameter without attempting to sep- 
arate the contribution due to the host galaxy. The importance 
of the correct estimate of the optical nuclear emission in the 
computation of th e radio-loudness h as been often stressed in 
the literature (e.g. IHo & Peng Il200l|) . However, this problem 
is really critical for samples containing mostly low-luminosity 
AGN, for which the emission from the host galaxy is always 
relevant, if not dominant. This is not the case with the sample 
discussed here, which should be only marginally affected by 
this problem. In any case, the computed R parameter for the 
few objects in which the host galaxy is important should be 
more correctly regarded as a lower limit. 

In Figure^we show the distribution of the R parameter for 
the 28 X-ray/radio matches and the distribution of the upper 
limits on R for the 304 X-ray sources (falling in the area of 
sky covered by the NVSS) not detected in the radio band. Out 
of 28 radio/X-ray matches, 25 are radio-loud, using a defining 
limit of R=10. We stress here that sources with such a large 
radio-to-optical flux ratio typically contain relativistic jets, i.e. 
an AGN. Indeed, based on the available optical, radio or X-ray 
information, the presence of an AGN is confirmed, or strongly 
suggested, in all these 25 objects (see next section). For this 
reason we will use here the term "RL AGN" for all the objects 
with R> 10. 

We have then us ed the non-parametric method described 
bv lAvni et al. 1 dl980h to estimate the real distribution of R for 
the sample XBSS. This method provides an analytic solution 
for the best estimate of a distribution function of one (binned) 
independent variable (the R parameter) taking into account the 
upper limits, under the assumption that these are distributed 
like the detections. Based on the distribution of R, derived with 
the lAvni et aTl dl98 0) method, we have estimated that about 
10 RL AGNs present in the XBSS sample have not been de- 
tected in the NVSS because the flux limit is not deep enough 2 . 

1 http://www.ast.cam.ac.uk/~apmcat/ 

2 Indeed, among the XBSS sources that have not been detected in 
the NVSS we have found one object optically classified as BL Lac, 
which is expected to belong to the radio-loud population. Deeper radio 
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Therefore, the expected number of RL AGNs among the 332 
XBSS sources covered by the NVSS data is about 35 (25 de- 
tected and ~10 not-detected) which corresponds to a fraction 
of 10.5% of the X-ray sources. Si nce the fraction of AGN s in 
the XBSS sample is about 81% dDella Ceca et alJl2004 . the 
fraction of RL AGNs among the total population of X-ray se- 
lected AGNs at the survey flux limit is ~13%. This fraction is 
consistent with what has been found in previou s X-ray surveys, 
like the EMSS survey (Deli a Ceca et al. II 19941) . at similar flux 
limits. 

In the rest of the paper we will consider only the sample of 
RL AGNs, i.e. the one composed by 25 objects with R>10. 

3. Optical classification 

For the majority (20) of the 25 sources in the sample we have 
collected a spectral classification, based either on our own op- 
tical spectroscopy or from the literature. Accord ing to the clas- 
sification criteria described in lDella Ceca et a 1. (2004) we have 
broadly divided the sources into AGN1 (Broad Line AGNs) 
with broad emission lines (FWHM>1000 km/s) in the optical 
spectrum, AGN2 (Narrow Line AGNs) showing only narrow 
emission lines (FWHM<1000 km/s) and objects without strong 
(EW<5A) emission lines in the spectrum. 

In particular, the AGN1 class includes QSOs, Broad Line 
radio galaxies, Syl and Narrow Line Seyfert 1 (NLSyl) while 
the AGN2 class includes type2 QSO, Syl. 8, Syl.9, Sy2 and 
Narrow Line radio galaxies. Finally, the class of objects with no 
emission lines includes BL Lac objects and "normal" galaxies. 

For the classification of the objects with no emission 
lines in the optical spectrum, we have used the usual crite- 
ria based on the 4000 A break ado pted in the major bl azar 
surveys (e.g . the 200 mJy surv ey, Marc ha et al. 1 1 1 99ol the 
RGB survev.lLaurent-Muehleisen et al 1 19981 the DXRBS sur- 
vey. IPerlman et al II 19981 lLandt et al. 11200 it the REX survey, 
iMaccacaro et al. I M 9981 ICaccianiga et al. I M 999t the CLASS 
survey. iMarcha et al. I I2001: Cac cianiga et al. II2001I) . In par- 
ticular, we classify a source as BL Lac object if the 4000 A 
break is absent (i.e. a completely featureless spectrum) or be- 
low 40%. Sources with a 4000 A break larger than 40% are 
classified as "normal" elliptical galaxies. A discussion on the 
phys ical meaning o f these classification criteria is presented in 
lLandt etal. I J2002I) . 

The optical spectra of the 2 newly discovered BL Lacs, 
taken at the Telescopio Nazionale Galileo (TNG) in September 
2003 and December 2002, are presented in Figure |2] The op- 
tical spectrum of the "normal" galaxy, taken at the Calar Alto 
2.1m telescope in October 2002, is reported in Figure[3] 

In conclusion, the optical spectrum, when available, reveals 
the presence of an AGN in 18 out of 20 objects (see Table |2j. 
In the 2 objects, classified respectively as "normal galaxy" and 
"cluster of galaxy", the radio-power is large (Pi 4c// z =6xl0 24 
W Hz and 1.6xl0 25 W Hz respectively) thus confirming, 
also in these 2 objects, the presence of an AGN (i.e. a ra- 
diogalaxy isolated or in cluster, respectively). Similarly to the 

observations, reaching a limit of ~0.2 mJy, should be able to detect all 
the radio-loud sources in the sample. 
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Fig. 2. Optical spectra of the 2 newly discovered BL Lacs. 
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Fig. 3. Optical spectrum of the source classified as "normal" 
galaxy (a radiogalaxy). 

XBSS sources discussed in lSevergnini et al."l ( l2003l) . the optical 
signs of nuclear activity in these 2 radiogalaxies are probably 
diluted by the light of the host galaxy. Finally, in the 5 sources 
without an optical spectrum, the presence of an AGN is in- 
ferred by the X-ray spectra (See Section 5). We conclude that, 
as expected, all the sources with R>10 are hosting an AGN. 

4. Radio classification 

In order to further characterize the sources we have collected 
all the radio data available from the literature. The main goal 
is to distinguish between core-dominated, flat spectrum objects 
(e.g. blazars) and lobe-dominated, steep spectrum sources (e.g. 
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Table 1. The 28 sources resulting from the X-ray /radio correlation. 



name 


CR 


1.4 


1.4 


mag 


class 


redshift 




a' a 1 


radio class 


Log(R) 


cd 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




(8) 


(9) 


(10) 


(11) 


ABaJOOO 100.2— 250501 


A A 1 A 

0.014 


1 OA A 

130.0 


1 AA A 

109.9 


21.8 


ALrJN 1 


A O C 

0.85 




>0.89" 


nb (a R ) 


1 PC 

3.85 




VDCi/vmcc a . ia/1/Cia 
Xclb.1003255. 9+394619 


0.01 1 


38.8 


33.6 


18.7 


AGN1 


1.14 




0.58* 


b (a R ) 


2.12 




VD C TA 1 O CAC A i A 1 /I £0 /I 

ad a J 1 2505 .4+0 1 4624 


0.019 


186.6 


186.6 


19.6 


AGN1 


1.56 




0.51 r 


b (a R ; LI) 


3.25 




Xr>oJ012o54.3+19124o 


A A 1 A 
0.010 


1408. 1 


A/1 H Z 

94/. 5 


1 c 0/ 
15.2 


f 

(j 


A A/1 

0.04 




A C11" 

0.53 


nb (L.2) 


O 1 A 

2.10 


OA OA 

29.80 


XBiJOl 3240.1 — 1 33 30/ 


0.014 


4.6 


4.6 


21.4 


AGN2 


0.56 


> 


—2.06° 




2.31 




"VD CTAIIOI 1 H 1 1 C /I 1 C 

Xb.S.1013811. /-I /5416 


0.031 


15.6 


15.6 


20.8 


BL? 


0.50 


> 


— 1.14° 


b (O) 


2.60 




VDCTATItM 1 A/1/1/1A/1 

XB.SJ021O40. /— 044404 


a mi 
0.020 


00 
88.3 


88.3 


1 i A 
10.9 


ACjJN 1 


a 0-7 
0.8/ 




A ACrf 

0.95 


nb 


1./9 




VD C TA1 IT!/; A OO /I 1 AO 

XB,bJ03322b.9-2/410/ 


0.014 


22.5 


19.6 


19.2 


AGN1 


0.73 


> 


-0.53" 




2.05 




VDCTAC01A0 C OC1A1T. 

XBoJ052 108.5—25 19 13 


A AO C 

0.035 


25.1 


1 A i 

19.0 


1 /. / 


ACjJN 1 


1 OA 

1.20 


> 


A OCI 

—0.38 




1 A O 

1.48 




Xr>oJ0ol342. /+ /10/25 


a Ai/i 
0.064 


ar o 

25.2 


O 

25.2 


1 A tJ 

19.6 


DT 2 


A OO 

0.2/ 




0.01 e 


b (L3, q-r) 


A 1 1 

2.31 




VDCTAO/IAOi O i (CCn^lO 

XB,S.I08402b. 2+650638 


0.012 


67.6 


49.2 


21.5 


AGN1 


1.14 




0.92* 


nb (or^) 


3.42 




VD C TAACO lO A flll^/ll* 

XrSbJ0952 18.9—0 13643 


A AAA 
0.090 


02.2 


02.2 


14.4 


ACjJN 1 


A AO 

0.02 




>0.35 n 


RQ 


a cn 
0.59 


AC\ OO 

49.28 


VDCTAACQ/1 1 1 1 A1 /IOA/1* 

XrSIS J 095 34 1 . 1 +0 1 4204 


A 1 £L1 

0. lo3 


A i 

9.0 


A 

9.0 


1 O 1 / 
1 1.1 


LL 


A 1 A 
0. 10 


> 


-0.95 a 


RQ 


A OC 

0.85 


1A 1 1 

10.31 


VD CT1A1C11 Oi COAOAO 

AcSJ 10151 1.8+520/08 


0.017 


77.5 


77.5 


21.6 


AGN1 


0.89 




0.90* 


nb (a R ) 


3.63 


8.72 


VDCTIAIOAi C 1 COAO/1C 

ABoJ 101 / 00.5+520245 


A A 1 O 
0.018 


OA "7 
39. / 


OA H 
39. / 


1 A A 

19.9 


D I 


AOO 

0.38 




0.51^ 


V. //"\. „ \ 
b (0,0-,;) 


2.02 


A A 1 

4.01 


VD C T 1 Aim /; 1 1 AOO 1 A Q 

ABoJ 102010. 1+082143 


A A 1 1 
0.01 1 


3. / 


3. / 


OO a 

> 22.0 






> -1.5" 





>2.41 


A OA 

0.89 


VD CT1 1 1 C C -1 O 1 1 O AO A /I * 

XbaJ 1 1 1654.8+180304 


0.013 


6.9 


6.9 


10.8' 


AGN2 


0.003 


> 


-0.84° 


RQ 


-1.80 


C A/1 

5.94 


vd cti 1 1(110 ? 1 a 
ArilbJ 1 1 1928.5+130250 


A A 1 O 

0.018 


Art a 
40.0 


1 A A 

14.9 


1 O A 

18.4 


ALrJN 1 


O A 

2.39 




>0.47 a 


nb (M) 


1 OA 

1.80 


A A A 

0.44 


ABsJ 122058. 1+333240 


A ATI 
0.0/2 


1 
4.3 


/I 

4.3 


OO A 

> 22.0 




A OA 

0.89 




0.94^ 


nb (as) 


>2.53 


q cr\ AA 
360.00 


VDOTIOICOO C 1 

AdsJ 123538. 6+621644 


0.021 


3.7 


3.7 


18.9 


AGN1 


0.71 




2.5'' 


nb (or R ) 


1.22 


14.62 


VDCTIO/IAAQ Ail A/1 A 

ABaJ 124903. 6-0O1049 


A AOC 

0.025 


1 i 

12.0 


1 O i 

12.0 


1 A 1 

19.2 


ALrJN 1 


A i 1 

O.ol 


> 


-0.91° 


nb (M) 


1 00 
1.88 


a 

0.59 


XBSJ132105.5+341459 


0.027 


473.6 


446.5 


20.4 








0.82« 


nb (a R ;M) 


3.86 


0.44 


XBSJ133026.6+241520 


0.021 


46.4 


41.9 


20.5 








0.29 E 


b 


2.87 


0.79 


XBSJ133232.6+1 11220 


0.011 


26.0 


26.0 


> 22.0 








>0.06 a 


7 


>3.26 


8.31 


XBSJ153452.3+013104 


0.094 


1320.4 


1320.4 


19.8 


AGN1 6 


1.43 




0.02 e 


b (a R ; L4) 


4.15 


24.25 


XBSJ164237.9+030014 


0.012 


45.5 


45.5 


18.6 








0.26" 


b (a R ) 


2.14 




XBSJ221951.6+120123 


0.013 


5.8 


5.8 


21.3^ 


AGN2 


0.53 


> 


-1.01° 


? 


2.36 




XBSJ235036.9+362204 


0.024 


316.5 


273.3 


19.3 


BL 7 


0.32 




0.40 e 


b (Ll,or fi ) 


3.22 





column 1: source name (the asterisk indicates that t he source is R Q, Log(R)<l, and not considered anymore during the analysis); 
column 2: 0.5-4.5 keV count-rate (counts s~') (see lDella Ceca et all200 4 for details); 
column 3: integrated flux (NVSS) @ 1.4 GHz [mjy]; 
column 4: peak flux density (NVSS)@ 1.4 GHz [mjy/beam] ; 

column 5: blue magnitude from APM unless specified: 'blue magnitude from the literature; ^from APM red magnitude and assuming the aver- 
age colour observed for the other sources in the sample (0-E=1.3); 

column 6: spectroscopic classification (AGNl=type 1 AGN; AGN2=type 2 AGN; G=galaxy; BL=BL Lac; CL=cluster of galaxies). 

Identification a nd z a re f rom our own s p ectrosc op y except for: 

Fiore et al. I <2003l): ^Morris et al. I il99ll>: ^Nagao. Muravama & Taniguchi I feOOll) : 1Hq et al. I <1997l) : lEbeling et ai~l 1200 ll) : 
' Visvanathan & Wills I fl998l) : 1Perlman et al. I f!998l) : 
column 7: redshift; 

column 8: radio spectral index or lower limit (Soc v~ aR ) 

a= calculated from 1.4 GHz and an upper limit for the flux @ 5 GHz; 

b= is the mean of the values calculated between 1.4 GHz and other 2 frequencies (5 GHz and 325 MHz); 
c= is the mean of the values calculated between 1.4 GHz and other 2 frequencies (5 GHz and 365 MHz); 
d= calculated between 365 MHz and 1.4 GHz; 
e= calculated between 1.4 GHz and 5 GHz; 
f= calculated between 325 MHz and 1.4 GHz; 

g= is the mean of the values calculated between 1.4 GHz and other 3 frequencies (5 GHz, 325 MHz and 365 MHz); 
h= calculated between 1.4 GHz and 8.5 GHz; 

column 9: radio classification (b= blazar, nb= non blazar, RQ=radio quiet). 
"a R ": from the radio spectral index; 
"M": from the radio morphology; 

"O": from the optical classific ation; 

"L": from the literature, i.e. 1 jPerlman etall 1 1 9981) . 2= lQwen & Ledlow I il997T) . 3= lMorris et al~lll99ll) . 4= IVisvanafhan & Wills Nl998l) : 
column 10: radio loudness parameter; 
column 11: core dominance parameter. 
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Table 2. Optical properties of the radio loud and of the comparison sample. 



Sample radio loud comparison 

Number of sources 25 53 

Number of identified sources 20 82% 51 96% 



Type 1 AGNs 


12 


60% 


40 


78% 


Type 2 AGNs 


2 


10% 


7 


14% 


Galaxies 


1 


5% 


2 


4% 


Clusters of galaxies 


1 


5% 


1 


2% 


BL Lacs 


4 


20% 


1 


2% 



radio-galaxies and Steep Spectrum Radio Quasars, SSRQs). 
There are indications in the literature, in fact, that the emis- 
sion observed in the X-ray band can be originated in different 
regions of the AGN depending on the radio classification of the 
object: in the case of blazars the X-ray emission is probably 
originated from the inner part of the relativistic jet, while, in the 
SSRQs and in some radiogalaxies the origin of the X-ray emis- 
sion is probably more similar to radio-quiet AGNs (QSOs and 
Seyfert galaxies, respectively). The distinction between blazars 
and non-blazars would require specific data in order to mea- 
sure, for instance, the variability and the polarisation that are 
characteristic features of the blazar class. However, we can 
make a first attempt at selecting the blazars in the sample by 
using the existing radio data taken from many different surveys. 
Therefore, we have derived (non simultaneous) data at differ- 
ent radio frequencies from that of the NVSS (1.4 GHz), and/or 
radio data with a better resolution (i.e. the data from FIRST 
survey, made with VLA in B-array) in order to constrain the 
core-dominance. 



4.1. Radio spectral indices 

Most of the radio fluxes are co llected at 5 GHz from 
the GB6 catalogue (Greg ory et al. I fl996l) while a few ob- 
jects ha ve been detected at low frequencies in the WENSS 
survey {R engehn k et al. I 1 19971) or in the TEXAS survey 
(Doug las etakT ll996). Finally, a few other radio fluxes are 
taken from the literature. In total, we have fluxes at one 
or more frequencies other than 1.4 GHz for 15 objects 
out of 25. The typical definition of "flat" spectrum radio 
source usually requ ires a spectral index flatter than 0.5 (e.g. 
iBrunner etaflll994h . However, when non-simultaneous data, 
and/or data taken with instruments with different resolutions, 
are used, a more correct limit for the distinction b etween 
blazars and non-blaza rs is a-0J (e.g. IPerlman et al. I fl998l 
ICavallotti et al. 1120041) . By adopting this limit the reliability 
of the bl azar classification is not 100%. However, as dis- 
cussed in IPerlman et all ll 19981) . this limit, coupled with the 
X-ray emission, leads to a small fraction (~5%) of non-blazars 
wrongly classified as "blazars". Indeed, we have found one 
object (XBSJ012654+191246), a brigh (-1.4 Jy) radiogalaxy, 
whos e high resolution r adio map shows a clear extended struc- 
ture (Ow en & Ledlow II 19971) in spite of a relatively flat radio 



spectral index (0.53). In the following analysis, we consider 
this object as non-blazar. 

4.2. Radio morphology 

The FIRST data are available for 12 sources out of 25 RL (8 
of these have also fluxes at other frequencies) and for the 3 
sources RQ. From the FIRST survey we have taken a radio 
map at 1.4 GHz with a resolution (beam size ~5") a factor ~10 
better than that of the NVSS data. We have then calculated a 
core-dominance parameter based on the peak and on the total 
flux derived from the FIRST catalogue. The parameter is de- 
fined as: 

i • S core 

core dominance = -r; — 

■J ext 

where we have assumed the core flux density {S core ) equal 
to the peak flux density of the brightest component, and the ex- 
tended flux density (S ext ) equal to the total flux density minus 
the peak flux density. The total flux density is the integrated 
flux density taken from the FIRST catalogue. For 3 sources (2 
AGNs and 1 unidentified object) the FIRST map shows a dou- 
ble or triple morphology and a core dominance <0.5-0.6 (see 
Figure|4). These 3 objects are thus considered as "non-blazars", 
on the basis of the radio morphology. We note that the remain- 
ing objects, that are compact at the FIRST resolution, cannot 
be classified as "blazar" since the beam size is not necessarily 
small enough to resolve the source, given the observed range of 
redshift. For this reason, we use the morphological information 
only to classify the 3 extended objects as "non-blazars". 

4.3. Summary of the radio classification 

In summary, based on the available radio or optical data, 
we have distinguished the RL AGNs in the sample between 
"blazars" and "non-blazars" according to the following crite- 
ria: 

- All the objects optically classified as BL Lacs are consid- 
ered blazars; 

- All the objects with a flat radio spectrum (a <0.7) are 
classified as blazars while all the sources with a steep ra- 
dio spectrum (a >0.7 or a lower limit on a above 0.7) 
are classified as non-blazars. As discussed above, there is 
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one exception (XBSJ012654+191246), i.e. a powerful ra- 
diogalaxy that has been classified as "non-blazar" on the 
basis of more detailed data taken from the literature in spite 
of its relatively flat radio spectrum; 
- All the objects with a double or triple radio morphology 
(based on FIRST data) are classified as non-blazars. 

In total, we have divided the sample of radio-loud AGNs 
into 9 blazars, 10 non-blazars and 6 sources without a radio 
classification because of the lack of specific data. This classifi- 
cation is reported in column 9 of Tabled 



5. The X-ray spectral analysis 

Thanks to the availability of good XMM-Newton data for 
the XBSS sample, we can perform a reliable X-ray spectral 
analysis for each source in the sample. The XBSS sample has 
been defined using only the data from the MOS2 detector. 
In order to increase the statistics for the X-ray spectra, the 
data from the MOS1 and the pn detectors, when available, 
are also considered and used for the analysis. Table [5] shows 
the EPIC detectors used for the spectral analysis of each 
source along with the valu es of Galactic column densities 
( Dic kev & Lockmanl Q990) towards the selected XMM- 
Newton pointings. 

The X-ray spectra usually cover the 0.2-10 keV energy 
range and have been extracted using a circular region with 
a radius of 17.5"— 25". The background has been extracted 
in nearby circular source free regions of an area a factor ~4 
larger than the one used to extract the source counts. In order 
to improve the statistics the MOS 1 and MOS2 counts obtained 
with the same filters have been combined together. The data 
of the MOS and of the pn detectors have been binned in order 
to have at least 10-25 counts for each channel, depending 
on the brightness of the source. For the analysis of the data 
we used the XSPEC 1 1 .2.0 software package. We have fitted 
simultaneously the MOS and pn data, leaving the relative 
normalization free to vary (range 0.9-1.2). Errors are given 
at the 90% confidence level for one interesting parameter 
(A* 2 =2.71). 

We started the analysis of all the spectra by fitting a 
simple rest frame absorbed power law model, including the 
Gala ctic absorption along the line of sight (derived from 



Ualactic absorption along 
iDickev & Lockmanll990l) . 



For the 2 sources for which the number of counts is not 
high enough to accurately determine both the F and the level 
of absorption, we have fixed the value of F to 1 .9 in order to 
better constrain the correct value of Nh- The value of T=1.9 
corresponds to the average value found for the type 1 AGNs in 
a complete and represen tative subsample of the "hard" XBSS 
JCaccianiga et al. 12 004). As described in the next section, this 
value turned out to be slightly lower than the average value 
derived from the analysis of the RL AGN sample (2.0+0.4) but 
fully consistent with it within the errors. These 2 sources are 
marked with an asterisk in column 4 of Table 4. 




11 19 32 31 30 29 28 27 

RIGHT ASCENSION (J2000) 
Cont peak tlux = 1.7403E-02 JY/BEAM 
Levs = 1.560E-04 * (-2, 2, 4, 8, 16, 32, 64, 128, 
256, 512, 1024, 2028, 4056, 8112, 16224) 




b 



12 49 07 06 05 04 03 02 

RIGHT ASCENSION (J2000) 
Cont peak flux = 2.7059E-03 JY/BEAM 
Levs = 1 .790E-04 * (-2, 2, 4, 8, 16, 32, 64, 128, 
256, 512, 1024, 2028, 4056, 8112, 16224) 
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V 



oo - 4 Y, I 

13 21 10 08 06 04 

RIGHT ASCENSION (J2000) 
Cont peak flux = 1.4802E-01 JY/BEAM 
Levs = 1.500E-04 • (-2, 2, 4, 8, 16, 32, 64, 128, 
256, 512, 1024, 2028, 4056, 8112, 16224) 



Fig. 4. Radio maps at 1.4 GHz of the 3 RL AGNs resolved 
in the FIRST maps and showing double or triple morphology. 
From top to bottom: XBSJ1 1 1928.5+130250, XBSJ124903.6- 
061049 and XBSJ132105.5+341459 

In total, for 20 sources the absorbed power law model de- 
scribes correctly the data. In three cases, instead, a soft-excess 
component, modelled with a black-body spectrum with tem- 
perature ranging from 0.15 to 0.23 keV is required in addi- 
tion to the power-law component. For the remaining 2 sources 
(XBSJ012654.3+191246 and XBSJ122658. 1+333246) the 
best fit is obtained with a single thermal spectrum. More de- 
tails on these 2 objects are given below. 
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Table 3. The XMM-Newton detectors used for the spectral analysis of the RL sample. 



name 


obs ID 


Gal/V„ (xlO 20 ) 


detector 


notes 


(1) 


(2) 


(3) 


(4) 


(5) 


ArSbJOOOlOO.2— 2j0j01 


A 1 O C1 1 A 1 A 1 

0125310101 


1 oo 
1.88 


.YIUoz. MOol, pn 




XBM003255. 9+394619 


fin/; r Tin 1 A 1 

OOoo / /0101 


6.57 


MUo2, MUM, pn 




AD o J 1 2 50 J .4+1) 1 4624 


n 1 aaoaa ini 

oioyoooioi 


1 1 A 

3.10 


MUJ>2, MUM, pn 




XBMO 12654. 3 + 19 1246 


m io/^aa/ca. 
01 12o00o01 


A OA 

4.80 


MUJ>2, MUo 1 


a 


XBMO 13240. 1-13330/ 


A AO /I T7 Al A 1 

1)084230301 


1.64 


MU5>2, MUM, pn 




XBM01381 1. /—I /5416 


a 1 i 1 /i ir\ 1 a 1 
011 1430101 


1 A A 

1.44 


MUi>2, MOa 1 


a 


"VD C TAT liCJfn A/1/1/1A/1 

XBM021640. / -044404 


ai nnnm 
01 123 /I /01 


2.42 


MU5>2, MUM, pn 




"VTD C TAQ nTiC A n jl 1 AT 

XBM033226.9-2 /410 / 


A1 AOA/^ACA 1 

0108060501 


0.90 


MUo2, MUM, pn 




VDCTACT1AO C ifil'] 

XBM052 108.5— 251913 


A AO Q^A A 1 A 1 

0Uojo40101 


1 AO 

1.92 


MUo2, MUM, pn 


b 


vd c TA/i i q o *7 i ti nn c 
XBM061342. /+ / 10 /25 


AAAAO OA/Cn 1 

OUOV 22000 1 


O TO 

8.38 


MUo2, MUM, pn 




XBM084026. 2+650638 


A 1 1 1 AA 1 A 1 

011 1400101 


4.29 


tmci a »AC 1 

MU5>2, MUSI 




VD CT1A1C11 Oi CO ATAO 

ado J 101 3 1 1.8+520 /08 


OUoo/oOlOl 


A ~1C 
0. 10 


MUo2, MUM, pn 


b 


XBM 101 /00. 5+520245 


AAO/i'7C A 1 A 1 

OUao/oOlOl 


A ~1C 
0. 10 


MUo2, MUM, pn 




"VTD C T 1 ATA 1 1 i AOT 1 A 1 

XBM 102016. 1+082 143 


AAA1 £/IATA1 

0093640301 


2.99 


MUo2, MUM, pn 




VD CTI 1 IdlO ? 1 Q A 

AD5J 1 1 1928. 5+130250 


AAAQ/i/l 1 1 A 1 

0093641 101 


2.43 


MUJ>2, MUo 1 


c 


AbsJ 122656. 1+333246 


AA"7AQ /I AC A 1 

00/0340501 


i in 
1.39 


MUo2, MUM, pn 


b 


XBM 12353s. 6+621644 


A1 1 1CCA1A1 

01 1 1550101 


1.49 


MU5>2, MUM, pn 




VD C T 1 O A AAQ AA1A/1A 

AbsJ 124903.6-061049 


mini 7m a 1 
00603 /020 1 


2.13 


MUo2, MUM, pn 




XBSJ132105.5+341459 


0093640401 


1.00 


M0S2, MUSl,pn 


b 


XBSJ133026.6+241520 


0100240201 


1.16 


M0S2, MUSl,pn 




XBSJ133232.6+1 11220 


0061940101 


1.93 


M0S2, MUSl,pn 




XBSJ153452.3+013104 


0112190401 


4.89 


M0S2, MGSl,pn 




XBSJ164237.9+030014 


0067340501 


5.47 


M0S2, MGSl,pn 


b 


XBSJ221951.6+120123 


0103861201 


5.41 


M0S2, MGSl,pn 




XBSJ235036.9+362204 


0100241001 


8.09 


M0S2, MUSl,pn 


b 



column 1: source name; 

column 2: observation ID; 

column 3: Galactic column density [cm -2 ]; 

column 4: EPIC cameras used for the spectral analysis; 

column 5: notes. 

a= pn in small window. 

b=source on a gap in the pn. 

c= source outside the pn. 



XBSJ012654.3+191246. For this source, optically classi- 
fied as "normal galaxy" (see Figure [3}, the simple absorbed 
power law model gives a fit with strong residuals and a best-fit 
slope too steep (r=4.6). If F is frozen to the mean value ob- 
served in AGNs (r= 1 .9) then the fit is unacceptable (^ 2 /v=3.62, 
with 7 d.o.f.). A model containing only a thermal compo- 
nent (with kT=0.69 keV) gives a better fit. In particular, we 
have used the spectrum from hot diffuse gas based on the 
model "mekal". As discussed in Section 4.1, this is a known 
radiogalaxy. The X-ray luminosity derived from this source 
(3.5 xlO 40 erg s~') is within the typical range of X-ray lu- 
minositie s observed in l ow-power ra diogalaxies (FR I, e.g. 
iFabbiano et al. ll984l and lFabbianoll989l) . 
XBSJ122658.1+333246. This source is a high-redshift 
(z=0.89) cluster of galaxies identified in the WARPS survey 
( Ebeli ng et al. The X-ray spectral analysis of this object 

shows that the X-ray spectrum is well described by a thermal 
component (mekal). We obtain a temperature of kT=10. 42+j^ 
keV, which is in go od agreement with that obtained by 
ICa gnoni et all fcOOll) (kT= 10.47! 4 keV) with Chandra data 



and with that obtained from the Sunyaev-Zeldovich measure- 
ment bv lJovet all feOOll) (kT=10.00+ 2 ^ keV). This is one of 
the highest temperatures ever measured in a cluster of galaxies. 
In conclusion, in this object the X-ray emission is associated 
to the hot intra-cluster medium while the radio and the opti- 
cal emissions are relative to a radiogalaxy that belongs to the 
cluster. 

The results of the X-ray spectral analysis of the radio loud 
sources are reported in Table |4] and the X-ray spectra are re- 
ported in appendix. For one source (XBSJ013240. 1-133307), 
which is optically classified as type 2 AGN, the derived hy- 
drogen column density is significantly larger than the Galactic 
column density thus confirming the presence of absorption 
also in the X-ray band. Given its X-ray luminosity (1.5xl0 44 
erg s -1 ) and radio power (6xl0 24 W Hz -1 ), this source can 
be classi fied as radio-lo ud type 2 QSO (see the discussion 
in iDella Ceca et alJl2003l on a similar object discovered with 
ASCA). We note that for the other type 2 AGN present in the 
sample (XBSJ221951.6+120123) the X-ray analysis does not 
reveal a significant absorption (Nh <3.5x10 21 cm -2 ). However, 
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Table 4. Best-fit parameters for the X-ray spectral analysis. 



name 


id 


model 


r 


N H 


kT 




19 1 MreV 


LoefL? m^v) 


(1) 


(2) 


(3) 


(4) 


(5) 
(xlO 22 ) 


(6) 


( 7 ) 


(8) 

(xl0~ 13 ) 


(9) 


yvjjojuuuiuu.z. — zjujui 




PT 

r L 


LO8_ 02 


n 79+0.23 
U. //_„ 29 




i i q/ztn 




44 67 




AON 1 


DT 
PL 


1 1 1 +0 92 
2 - n -0.41 


^ A /I 1 

<U.4Z 




n /i i /i 
0.43/3 


n /i /i 
0.44 


44.02 




/WJIN 1 


PI 

rr. 


1 - t) - , -0.06 


AH 




U.OU/ 1U1 


1 

1 .oz 


4^ 


ABbJUizo:>4.3+iyiz4o 


G 


T 




A /CA+8 24 


n £Q+0 02 


0.63/6 


0.06 


40.55 




AON 2 


tot 
PL 


1 o* 


2 - 54 -0.56 




1 1 1 /I o 

1.1 1/19 


1-7 1 
1. 11 


/i /i /i 1 

44.41 


"\/ T - "! O TA 10011 "7 1 T C /I 1 /" 

XBSJ01 381 1.7-175416 


BL? 


PL 


i zi-7+0 25 
2 - 47 -0.21 


a f\n +0 06 
°- 07 -0.06 




1 .40/3 1 


0.36 


43.68 


VDCTmi ^^1A "7 0/1/1/10/1(2) 

XBoJ021640. /— 044404^ ' 


AbN 1 


TOT i TO TO 

PL+BB 


1 OQ+0.31 

/.28_ 026 


n c/r+0.28 

0.56_ 0J6 


n i c+o.oo 
0.15_ 0I3 


i no /ni 
1.05/93 


1 1 yl 
1.14 


A A H 

44. /3 


vtd c toihi^; o 1-7 /i i n-7 
XB3J033226.9— 2 /410/ 


AON 1 


TOT i TO TO 

rL+BB 


o a ,4+0 13 
2 - 04 -O.I5 


^O /I C 

<0.45 


n i c+0 06 
°- 15 -0.06 


n oo /oc 
0.98/95 


0.0 / 


/i yi i/i 
44.34 


XBaJ052108. 5-25 191 3 


AON 1 


TOT i TO TO 

rL+BB 


i tt+0.29 
L72 -0.I9 


0.10_ 010 


n tq+0.07 
0.23_ 004 


0.90/01 


2.4o 


45.26 


vtd c to*; ii/ii t i 71 n-71 c 
XB3J061342. /+ / 10/25 


TO 1 

BL 


TOI 

PL 


1 £-7+0.17 


fv 1 4+0.05 

0.14_ 032 




n -70 /^o 
0. /9/69 


1 0-7 
1.5/ 


/l 1 -7C 

43. /5 


XBJSJ054026. 2+650635 


AON 1 


TOT 

rL 


1 n\ +0 19 
L71 -0.18 


n on+0 03 
0.29Ijj 2 




i no /i a 
1. 05/34 


1 K 

1.15 


A A OO 

44.59 


VTO CT1A1C11 Oi cimi\o 

XBSJ 10131 1.8+ 520/08 


AGN1 


PL 


2.06_ 031 


<0. 18 




1.07/17 


0.76 


45.55 


XB>SJ I0l /06. 5+520245 


[ 1 I 

BL 


TOT 
PL 


gi+0.83 


n nriA+0.008 
0.006_ 00m 




1 OA / I A 

1. 06/14 


0.32 


/ii ci 
43.53 


vd c t 1 nin 1 c i noil /ii 
XBoJ 102016.1+082143 




TOT 
PL 


1 0-7+0 47 

1.97_ 023 


one -> 
<6.89L-2 




n /I O/l -7 

0.40/1 / 


n £-7 
0.0/ 




VD C11 1 IftIO C i 11 m c/1 

XBaJ 1 1 1925.5+ 130250 


AON 1 


TOT 
PL 


i on+o.33 
1.90_ 017 


^n 

<0.62 




n oc 
0.95/6 


111 
1.11 


/I C -7/1 

45. /4 


XBaJ 122658.1+333246 


CL 


T 




<0.01 


1 n An+l 19 

10.42_ 14 * 


/ 1 ni nnc 

0. 93/205 


3.06 


45.14 


VDCH11C10 C i £.^1 I CA A 

XB.SJ 123535.6+621644 


AON 1 


TOT 
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column 1: source name; 

The best fit values for this source are taken from lCaccianiga e t al. | j20 04|): 
(2) : This source belongs also to the HBS28 sample discussed in lCaccianiga et afl 120041) . In the X-ray analysis presented here, however, we 
have added a soft excess component and the best fit parameters (the N H in particular) are newly calculated; 
column 2: optical classification; 

column 3: best-fit model (PL=absorbed power law; T=thermal component (mekal); PL+BB=absorbed power law plus soft excess (modelled 
with a black-body spectrum); 

column 4: best-fit photon index of the power-law component (* in this case the value of the photon index has been fixed to 1.9); 

column 5: best fit intrinsic hydrogen column density [cm -2 ]; 

column 6: temperature of the thermal component or of the soft excess [keV]; 

column 7: reduced Chi squared and degrees of freedom of the best fit; 

column 8: observed 2-10 keV flux (corrected for the Galactic absorption) [erg cnr 2 s~']; 

column 9: intrinsic luminosity in the 2-10 keV energy range [erg g -1 ]. 



the very flat best-fit photon index (F= 1 .39) could be suggestive 
of the presence of a very large absorption plus a flat reprocessed 
component. Therefore in this source the presence of a large ab- 
sorption cannot be completely ruled out. Given the large X-ray 
luminosity, this source is another type 2 radio-loud QSO can- 
didate. 



The distribution of the intrinsic Nh derived from the spec- 
tral fit is shown in Figure|5]while the distribution of the photon 
indices T is shown in Figure^. The latter histogram does not 
include the objects for which F has been fixed to 1.9. The mean 
value is 2.0 with a standard deviation of 0.4. 



6. Comparison between RL and RQ AGNs 

6.1. The comparison sample 

The 25 X-ray sources studied in this work are radio loud AGNs. 
In order to investigate the X-ray spectral differences between 
RL and RQ AGNs, we have defined a comparison sample. 
This sample is selected from the same XBSS catalogue and 
it consists of X-ray extragalactic sources which are not de- 
tected in the NVSS survey, thus having a flux density below 
2.5 mJy/beam. 

In order to have a high number of sources spectroscopi- 
cally identified, we have considered only the area of the sky 
with declination >-30° and with right ascension 20 A < a <2 h . 
In this area there are 67 sources out of which 65 have a spectro- 
scopic classification. For the comparison we use only the extra- 
galactic subsample composed of 5 1 objects plus the 2 uniden- 
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Fig. 5. The distribution of the intrinsic Nh derived from the 
spectral fit. The shaded histogram shows the upper limits on 
Nh while the empty histogram represents the detections. 




(b) 



Fig. 6. The X-ray photon index distribution obtained from the 
spectral fitting for the RL sources (a) and for the comparison 
sample (b). In Figure (a) the black histogram represents the 
blazar, the empty histogram represents the non-blazar sources 
and the shaded histogram shows the sources with no data to 
allow a radio classification. In these histograms the sources for 
which the value of F has been fixed to 1 .9 (see text for details) 
and those fitted only by a thermal emission are not included. 



tified sources. On the basis of their hardness-ratios and X-ray- 
to-optical flux ratios, in fact, these 2 sources are ve ry likely to 
be extragalactic objects (see lDella Ceca et alJ2004l) . In conclu- 
sion, the comparison sample contains 53 XBSS sources with a 
radio flux density at 1.4 GHz below 2.5 mJy. 

The classification breakdown of this comparison sample is 
presented in Table |2] Apart from one cluster of galaxies and 2 
"normal" galaxies, the remaining 48 objects are optically clas- 
sified as AGNs. From the X-ray spectral analysis we have direct 
evidence of the presence of an AGN also in the two objects op- 
tically classified as "normal" galaxies. The comparison sample 
is thus mainly composed by AGNs. 

For a reliable analysis of the differences between RQ and 
RL AGNs it is important that the comparison sample is rep- 
resentative of the RQ population. Given the lack of measured 
radio fluxes, for the sources in the comparison sample it is 
only possible to compute an upper limit on the radio-loudness 
parameter (see Section 2.1). In about 30% of the sources the 
computed upper limit is below the dividing line between RQ 
and RL AGNs so that they can be classified as RQ sources. For 
the remaining objects a firm classification as RQ objects is not 
possible with the present data. However, the analysis described 
in Section 2 of the distribution of the radio-loudness parameter 
(and the upper limits) indicates that among the sources not 
detected in the NVSS we expect a small contamination of 
RL AGNs (about 2 objects in the comparison sample defined 
here). Hence, even if these few RL AGNs cannot be identified 
without a deeper radio follow-up, we can consider the whole 
comparison sample as statistically representative of the RQ 
AGN population. 

The X-ray spectra of the 53 objects contained in the com- 
parison sample have been extracted and analysed with the same 
procedures and criteria described previously for the sample of 
RL AGNs. 

In Figure we have reported the distribution of the de- 
absorbed X-ray luminosities (2-10 keV) of the two samples 
as resulting from the X-ray spectral analysis. Although the 
RL AGNs have on average slightly higher luminosities (mean 
L X =10 44A erg s" 1 ) than RQ AGNs (mean L z =10 44 erg s" 1 ), 
the two distributions cover a very similar range of values and 
the KS probability (Pks =6%) is only marginally indicative that 
the two distributions are not derived from the same parent dis- 
tribution. For this reason, we consider the comparison sample 
as a good choice to match the X-ray properties of RL and RQ 
AGNs since they both contain objects within a similar range of 
luminosities. 



6.2. Differences in the optical composition 

In Table|2]the optical compositions of the radio-loud and of the 
comparison samples are summarized and compared. The main 
difference between the two samples rests in the percentage of 
BL Lac objects which is low (2%) in the comparison sample 
and much higher (20%) in the sample of RL AGNs. We recall 
here that the only BL Lac found in the comparison sample is 
not necessarily a RQ object since, as stated above, we expect a 
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Fig. 7. Distribution of the de-absorbed 2-10 keV luminosity of 
the sample of RL AGNs (shaded histogram) and the compari- 
son sample (thick line). Only the sources in the 2 samples with 
a measured redshift are considered. 



small percentage (~2 objects) of RL AGNs also in this sample. 
Thus, the percentage of BL Lacs in the 2 samples could be 
even more different than what is reported in Table|2] This result 
confirms very clearly that BL Lac objects (at least, the X-ray 
selected ones ) are radio-loud AGNs, as firstly pointed out by 
Istocke et al. I ill990ll . Hence, if radio-quie t BL Lacs exist, as 
recently suggested bv lLondish et al. l (Eo04l these objects must 
be also "X-ray-quiet", i.e. they must have a very anomalous 
Spectral Energy Distribution (SED). 

If we exclude the BL Lac objects from the 2 samples and 
re-normalize the percentages of the different classes of sources, 
the relative numbers are very similar in the two samples (the 
number of clusters and normal galaxies is too small to have 
any statistical significance). We conclude that the requirement 
of a radio emission does not change significantly the compo- 
sition of the sample, apart from the BL Lac objects that are 
greatly favoured by the radio constraint. Indeed, the combina- 
tion of X-ray and radio data has been widel y used in the last 
years to select large samples of BL Lacs JMacca caro et al~l 
19981 iLaurent-Muehleisen et al. 1 1 19981 IPerlman et al. 1 1 19981 
Caccianiga et al. ll999UGiom mi. Menna & Pad ovanill999l) . 

6.3. Comparing the intrinsic X-ray spectral index 

We have then compared the X-ray photon indices of the power 
law component in the two samples. The comparison of the 
spectral index gives in fact important pieces of information on 
the similarities/differences of the primary source of the X-ray 
emission. 

In the following analysis we have not included the sources 
for which the value of F has been fixed to 1 .9 and those fitted 
only by a thermal spectrum. Figure |6] shows the distribution of 




1.6 - 

1.4 1 i i i I , i , I i , i I i i i I i i i 

0.0 0.2 0.4 0.6 0.8 1.0 

Intrinsic Dispersion of the Photon Index Distribution 

Fig. 8. Confidence contours (68%, 90%, and 95%) for the joint 
determination of the < F > and the intrinsic dispersion <x of 
the photon index distribution for the RL AGNs (curves on the 
right) and RQ AGNs (curves on the left). In the analysis we 
have not included the sources with a fixed value of F and those 
fitted only by a thermal emission. 



the best-fit spectral indices. The mean value of F is very similar 
in the two samples (Fm-2.0 and Frq =2.1 respectively). 

We have then computed the intrinsic dis persion of the val- 
ues of T following the method described in M accacaro et al. I 
( 1988) which takes into account the errors on the values of F 
(under the assumption of a Gaussian distribution). In Figure|8] 
the confidence contours (68%, 90%, and 95%) for the joint de- 
termination of < T > and of the intrinsic dispersion <x are pre- 
sented. It is evident that, while the mean values of F in the two 
samples are very similar, the intrinsic spreads are significantly 
(95%) different (o- SL =0.34 vs cr SG =0.18). 

We have analysed the possibility that the observed broader 
distribution is due to the presence, in the RL AGN sample, 
of the blazars. In fact, observing the distribution presented in 
Figure |6] (a), BL Lacs and the FSRQs are populating respec- 
tively the steep and flat tails of the distribution (< F >blimc=2-5 
and < T >fSRQ-2.Q). We have thus re-analysed the two sam- 
ples considering separately the non-blazars and the blazars (see 
Figure Although the number of objects is small, it is clear 
that in the first case the two distributions are fully consis- 
tent, both in terms of < F > and in terms of intrinsic spread 
(crl=0.12 and ctrq=0.18) while, in the case of blazars, the in- 
trinsic spread is significantly larger ((Tbiazar -0.44) than the one 
observed in RQ AGNs. 

Overall, the results discussed here show that the distribu- 
tion of r of the non-blazars is very similar, in terms of the 
mean value and the intrinsic spread, to the one observed in RQ 
AGNs. The class of blazars, instead, presents a much broader 
distribution of values of F (although the mean value is con- 
sistent with that observed in the comparison sample) with the 
FSRQ and the BL Lac objects populating respectively the flat 
and the steep tails of the distribution. Therefore, the presence 
of a significant number of blazars in the RL sample broadens 
the observed distribution of F but it does not change the mean 
value. In the next section we further investigate the origin of 
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Fig. 9. The same as in Figure |8]but keeping separate the non- Fig. 10. The X-ray Photon index versus the radio-to-X-ray 



blazars (panel a) and the blazars (panel b). 



spectral index (orx) for the sample of blazars (panel a) and 
the "non-blazars" (panel b). 



the X-ray emission of the blazars present in the sample of RL 
AGNs. 

7. The X-ray spectra of Blazars 

According to the beaming model (e.g. lUrrv & Padovani II 19951 
and references therein) the class of blazars is represented by 
RL AGNs observed very close to the direction of the relativis- 
tic jets. The non-thermal emission produced within the jet is 
thus relativistically amplified towards the observer becoming 
dominant in most of the observing frequencies. The SED of 
blazars is usually modelled with two large humps produced, 
respectively, via synchrotron and Inverse Compton (IC) emis- 
sion. The frequencies at which these two components peak can 
vary in a wide range of values leading to very different radio-to- 
optical and optical-to-X-ray ratios: very large values of the syn- 
chrotron peak frequency (v >10 15 ' 5 Hz) typically produce ob- 
jects with very flat X-ray-to-radio spectral indices 3 (a RX <0.7) 
while low values of the peak frequencies (v <10 15 5 Hz) pro- 
duce steep orx (u RX >0.7). 

3 The two-point spectral index a RX is defined in the following way: 
oirx = -Log (S«/S;()/Log (yr/vjt), where S R , v R and S x , v x are the 
monochromatic fluxes and frequencies in the radio (5 GHz) and in the 
X-rays (2 keV), respectively. 



The first systematic ROSAT observations of samples of 
blazars have revealed a connection between the X-ray spec- 
tral index and the value of chrx'. objects with a R x <0.8 show 
steep values of T (~2.5) while blazars with a K y >0-8 have flat 
X-ray spectral indices (< T >~ 1.5-2. 0:1 Pa dovani & Giommil 
1 1 9961 I Padovani Giommi & Fiore I Il997t lUrrvetal.l 1199ft" 
[CmTenBnmner"&Ste^^ The connection between 

r and aRx (or between T and the synchrotron peak fre- 
quency if a SED is available) has bee n found also using 
the data from BeppoSAX and ASCA iWolteretal.lll998t 
I Padovani et al. 1 1200 1[ Ibonato et al. 1 1200 it iBeckmann et alJ 
l2002HPadovani et al. l2004 . 

The usual interpretation of this trend is that the X-ray spec- 
tral index must be affected by the energy at which the syn- 
chrotron component peaks: for large peak frequencies, the X- 
ray spectrum includes the (steep) descending part of the syn- 
chrotron emission while for low peak frequencies the X-ray 
spectrum includes the rising (and thus flatter) IC component or 
a mixture of IC plus synchrotron emission. 

In this framework it is interesting to see whether the 9 
blazars selected in the sample follow this trend: in this case, 
in fact, we would have a more direct evidence that the X-ray 
emission in these sources is linked to the radio emission and is 
thus produced within the jet. 
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In Figure HOh we plot the best-fit photon indices of the 9 
blazars versus the a^x values. Similarly to what is found in 
other blazar samples, the objects characterized by low values 
°f °rx (<0.85) have also the steepest X-ray spectra (F ~2.5- 
2.8) while all the blazars with large values of a RX (>0.85) have 
a photon index below 2. 

Fhis trend is not found for the "non-blazars" (FigurefTOb). 
In this case, the lack of trend is suggestive that the X-ray emis- 
sion is not directly related to the radio power, i.e. to the jet 
emission. Fhis result is in agreement with the idea that, in the 
"non-blazars", the relativistic beaming is not playing an impor- 
tant role so that the jet contribution to the observed X-ray emis- 
sion is probably negligible and therefore the X-ray emission is 
more similar to that observed in RQ AGNs. 

8. Summary and conclusions 

We have presented the analysis of a sample of RL AGNs ex- 
tracted from the XBSS survey. The NVSS data have been used 
to select 28 sources of the sample that are also radio emitting 
at 1.4 GHz with a flux larger than 2.5 mJy. Out of these 28 
radio/X-ray matches, 25 are classified as radio-loud AGNs on 
the basis of the radio-loudness parameter (R> 10). The presence 
of an AGN is detected in the optical and/or in the X-ray spec- 
trum for 23 out of the 25 sources. In the remaining 2 sources, 
optically classified as "galaxy" and "cluster" respectively, and 
for which the X-ray spectrum is modelled by a thermal emis- 
sion, the presence of an AGN (a radiogalaxy) is strongly sug- 
gested by the radio properties (radio-to-optical flux, the radio 
power or morphology). Therefore, the sample studied here is 
fully composed by AGN. 

Taking into account the flux limit of the NVSS (2.5 
mJy/beam), we have estimated that the RL AGNs represent 
13% of the X-ray selected AGNs at a flux limit of ~7xl(T 14 
erg s _1 cirT 2 . We have then selected from the same XBSS a 
"comparison" sample of 53 sources not detected in the NVSS 
survey, i.e. with a radio flux density below 2.5 mJy/beam. We 
have estimated that the large majority of the sources in this 
sample is represented by RQ AGNs and that at most 2 objects 
could be RL objects. 

The X-ray spectra of the sources in both samples have been 
extracted, studied and compared. 

The main results can be summarized as follows: 

- The spectra of the majority of the sources in both sam- 
ples (>90%) are well described by a single power-law. The 
mean spectral index is similar in both samples (F ~2). 

- Although the mean value of F is similar, the intrinsic spread 
of the values of F (i.e. the one computed taking into ac- 
count the uncertainties) is significantly different in the two 
samples, with the RL AGNs having a broader distribution 
(cr=0.34) when compared to the RQ AGNs (cr=0.18). 

- When blazars (BL Lacs and FSRQs) and "non-blazars" (ra- 
diogalaxies and SSRQs) in the RL AGN sample are anal- 
ysed separately, the larger spread of the spectral index is ob- 
served only in the blazars sample while the "non-blazars" 
show a distribution fully consistent with the one observed 



in the RQ AGNs. In particular, BL Lacs and FSRQ are pop- 
ulating respectively the steep and the flat tails of the distri- 
bution of r. 

- The values of the X-ray spectral index of blazars are cor- 
related with the type of SED, i.e. with the radio-to-X-ray 
spectral index (orx)- Such a correlation is not observed in 
the RL AGNs classified as "non-blazars". This result sug- 
gests that the X-ray emission in the blazar class is directly 
linked, as expected, to the jet emission while this is proba- 
bly not the case for the "non-blazars", i.e. those RL AGNs 
whose relativistic jet is not oriented towards the observer. 
In these objects the relativistic beaming is not important 
and the observed X-ray emission is likely to have the same 
origin as in the RQ AGNs. 

In conclusion, the analysis presented here has shown that 
the distribution of the X-ray spectral indices observed in a sam- 
ple of RL AGNs strongly depends on the importance of rel- 
ativistic beaming in the selected sources, i.e. on the type of 
RL AGNs included in the sample under analysis. First, the in- 
clusion of a significant fraction of "oriented" RL AGNs, i.e. 
of blazars, significantly broadens the distribution. Second, the 
type of blazars included in the analysis changes the observed 
distribution of X-ray spectral indices: if the sample selection 
favours objects with low values of a^x (like in a typical X-ray 
selected survey), the distribution will be more populated to- 
wards steep X-ray indices. Samples that include more sources 
with large values of orx (like in a typical radio survey) are 
likely to include more blazars with a flat X-ray spectral index. 
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Fig. A.l. The best-fit X-ray spectra of the 25 RL sources in the sample. Data (points) and folded model (continuous lines) are 
reported. 



E. Galbiati et al.: XMM-Newton spectroscopy of RL AGNs 



17 



data and folded model 
XBSJ052108.5-251913 MPS pn 



data and folded model 
XBSJ061342.7+710725 MPS pn 





energy (keV) 
data and folded model 
XBSJ084Q26.2+65Q63S MPS pn 



energy (keV) 
data and folded model 
. XBSJ101511.B+52070B MPS pn 




energy (keV) 
data and folded model 
. XBSJ1Q1706.5+52Q245 MPS pn 



I 2 
8 t 



energy (keV) 
data and folded model 
XBSJ102016.1+0B2143 MPS pn 











=r=: 


r ' 1 1 1 1 1 1 H- 







energy (keV) 
data and folded model 
XBSJ11192B.5+1 30250 MPS 



energy (keV) 
data and folded model 
XBSJ 122658. 1+333246 MPS pn 







■ 


1 : 




- ■ ' ■ - 




Fig. A.l. (continued) 
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